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JO UIF UIF6OJUFE,JOHEPN *O  UIFNPTU SFDFOU ZFBS
GPSXIJDIQVCMJTIFEEBUBXFSFBWBJMBCMF	..0
6,












EFMJCFSBUF JOUFSWFOUJPOT UP DPOUSPM ĕTIJOH QSFTTVSF BOE UP
FOTVSF TVTUBJOBCMF FYQMPJUBUJPO PG &VSPQFBO ĕTI TUPDLT
CVU BMTP UP TPNF FYUFOU SFĘFDUT UIF VOEFSMZJOH JOĘVFODF
PG DMJNBUJD GBDUPST UIBU EFUFSNJOF UIF MFWFM PG ĕTIJOH UIBU
DBO CF TVTUBJOFE CZ ĕTI QPQVMBUJPOT HJWFO UIF QSFWBJMJOH
FOWJSPONFOUBMDPOEJUJPOT
 J. K. Pinnegar et al.
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*O UFSNT PG UPOOBHF UIF NPTU JNQPSUBOU TQFDJFT UP 6,
ĕTIFSJFT 	MBOEJOHT JO UIF 6, BOE BCSPBE
 JO  XFSF
NBDLFSFM Scomber scombrus 	 U








 Nephrops norvegicus <MBOHPVTUJOFTDBNQJ>
	b NJMMJPO
 TDBMMPQT 	b NJMMJPO





PG PWFSBMM UPOOBHF XJUI JODSFBTFT BMTP PCTFSWFE GPS DSBCT
	NPTUMZCancer pagurus
XIFMLTBuccinum undatumQMBJDF
Pleuronectes platessa BOE DPE Gadus morhua .FBOXIJMF
DBUDIFT PG Nephrops BOE CMVF XIJUJOH Micromesistius 
poutassouIBWFEFDSFBTFEPWFSUIFQBTUZFBST
1FS DBQJUB DPOTVNQUJPO PG ĕTI JO UIF 6, IBT SFNBJOFE
SFMBUJWFMZ TUBCMF 	BOE MPX
 BU BSPVOE  LHQFSTPOZS
	DPNQBSFE UP  LHQFSTPOZS JO 
 BOE JNQPSUT IBWF








PG UIF#SJUJTISFUBJMFST UPUBM TFBGPPETBMFT
BSFEFSJWFE
GSPN JNQPSUT XIFSFBT UIF NBKPSJUZ PG ĕTI BOE TIFMMĕTI
BDUVBMMZDBVHIUCZ6,ĕTIFSNFOBSFFYQPSUFE
4JODFUIFFWJEFODFCBTFXJUISFHBSEUPVOEFSTUBOEJOH
DMJNBUF DIBOHF JNQBDUT PO UIF 6, ĕTIJOH JOEVTUSZ IBT
BEWBODFE TVCTUBOUJBMMZ BMUIPVHI NBOZ PG UIF LFZ UIFNFT
DPWFSFEJOUIF.$$*1SFQPSU	1JOOFHBS
SFNBJO
IJHIMZ SFMFWBOU UPEBZ 	FH SFDSVJUNFOU WBSJBCJMJUZ TIJęT








IFODF GPS6,ĕTIFSJFT"EEFE UP UIJT.$$*1QVCMJTIFE B
TQFDJBM SFQPSU DBSE JO  GPDVTJOH PO ĕTI ĕTIFSJFT BOE
BRVBDVMUVSFFYQMJDJUMZBOEUIJT TQVSSFEDPOTJEFSBCMFNFEJB
JOUFSFTU JO UIJT UPQJD XJUI BSUJDMFT QVCMJTIFE JO 4DJFOUJĕD
"NFSJDBOćF(VBSEJBO##$8JMEMJGFBOEćF4DPUTNBO
BTXFMMBTUFMFWJTJPOBOESBEJPJOUFSWJFXT7BSJPVTDBNQBJHOT
BOE BDUJWJUJFT JO UIF 6, BT XFMM BT QVCMJDBUJPO PG UIF UI









/PUBCMZ JOUSPEVDUJPOPG SFQPSUJOH SFRVJSFNFOUTVOEFS UIF
6,$MJNBUF$IBOHF"DUTFFNTUPIBWFQSPNQUFEOFX
XPSL SFMBUFE UP TFB ĕTIFSJFT *O %FGSB DPNNJTTJPOFE
JUT A&DPOPNJDT PG$MJNBUF3FTJMJFODF 	&$3
 SFQPSU PO ATFB
ĕTIFSJFTA BOE UIJT TUVEZ JODMVEFE B EFUBJMFE BTTFTTNFOU PG
XIFUIFSPSOPUUIF6,ĕTIDBUDIJOHTFDUPSDPVMECFFYQFDUFE












QSPWJEF B CSPBEFS QFSTQFDUJWF BOE IBWF JODMVEFE DIBQUFST
POĕTIFSJFT ESBXJOHIFBWJMZ PO UIF PVUQVUT GSPN.$$*1






ćJT XJMM JODMVEF FDPOPNJD BTTFTTNFOUT PG DMJNBUF DIBOHF
JNQBDUT PO UIFTF UXP TFDUPST CVU BMTP UIFEFWFMPQNFOU PG
QSBDUJDBM BEBQUBUJPONFBTVSFT UIBUĕTIFSNFO GBSNPXOFST
BOE BRVBUJD SFTPVSDF NBOBHFST DBO BEPQU UP TVDDFTTGVMMZ
BEBQUUPGPSUIDPNJOHDMJNBUFDIBOHFUISFBUTPSUPDBQJUBMJTF
POFNFSHJOHPQQPSUVOJUJFT
ćF GPMMPXJOH CSJFĕOH QBQFS BJNT UP TVNNBSJ[FXIBU IBT






0OF PG UIF UIFNFT UIBU IBT SFQFBUFEMZ CFFO SBJTFE JO
.$$*1 SFQPSUT PWFS UIF QBTU  ZFBST IBT CFFO PCTFSWFE
TIJęT JO UIF EJTUSJCVUJPO PG TQFDJFT JODMVEJOH DPNNFSDJBM
ĕTI " QBSUJDVMBS GPDVT IBT CFFO UIF BQQBSFOU XFTUXBSE
BOE OPSUIXFTUXBSE TQSFBE PG "UMBOUJD NBDLFSFM JOUP
*DFMBOEJDBOE'BSPFTFXBUFSTXJUIDPOTFRVFODFTGPSĕTIFSJFT
RVPUB BMMPDBUJPO BOE HPWFSOBODF 4JODF  UIF TDJFOUJĕD
FWJEFODFCBTF XJUI SFHBSE UP "UMBOUJDNBDLFSFM 4DPUMBOET
NPTUWBMVBCMFĕTIFSZIBTJODSFBTFEDPOTJEFSBCMZBOEIFODF
XF BSF OPXCFUUFS BCMF UP EFTDSJCF UIF ESJWFST CFIJOE UIJT
SFDFOUQIFOPNFOPOBOEDPOTFRVFODFTGPSĕTIFSJFTJONPSF
EFUBJM




NJHSBUF UP UIF GFFEJOH HSPVOET 6OUJM UIF NJET UIF
GFFEJOH HSPVOETXFSFNPTUMZ MJNJUFE UP UIF OPSUIFSO QBSU














SFDFOU DIBOHFT JO NBDLFSFM EJTUSJCVUJPO IBWF CFFO MJOLFE
UP TFWFSBM QPTTJCMF GBDUPST JODMVEJOHXBSNFS TFBT DIBOHFT
JO GPPE BWBJMBCJMJUZ BOE B EFOTJUZEFQFOEFOU FYQBOTJPO PG
UIF TUPDL 	*$&4 B
ćF JODSFBTF PG NBDLFSFM BMTP JO













QSFWJPVTMZ B MJNJUJOH GBDUPS 	*$&4 B
 NBDLFSFM IBWF
CFFOBCMF UPFYQBOEUIFJSSBOHFćFEJČFSFOUNFDIBOJTNT


















 IJHIMJHIUFE  BT UIF ZFBS XIFO EJTUSJCVUJPO
ĕSTU TUBSUFE UP DIBOHF CVU GPVOE UIBU UIFSF XFSF XBSNFS
ZFBSTCFGPSFTPBTJNQMFUFNQFSBUVSFNFDIBOJTNEPFT
OPUTFFNMJLFMZćJTPCTFSWBUJPOJTTVQQPSUFECZUIFMBDLPG
B TUSPOH MJOFBS SFMBUJPOTIJQ CFUXFFO NBDLFSFM PDDVSSFODF
PČ *DFMBOE BOE UIF "UMBOUJD .VMUJEFDBEBM 0TDJMMBUJPO
	".0
BDPNNPOMZVTFEQSPYZGPSWBSJBUJPOT JO/PSUI
"UMBOUJD TFBXBUFS UFNQFSBUVSF )PXFWFS )VHIFT et al.
	
EFUFDUFEB TJHOJĕDBOU DMJNBUFFČFDUPO UIFEFQUIPG
BSFBĕTIFEXIFSFNBDLFSFMXFSFHFOFSBMMZ DBVHIU JOBSFBT
PGHSFBUFSEFQUIEVSJOHQPTJUJWF".0ZFBST*OBEEJUJPOUIF
".0 BQQFBSFE UP IBWF B OPOMJOFBS SFMBUJPOTIJQXJUI UIF





QPTJUJWFXJOUFS/"0 ZFBSTXFSF BTTPDJBUFEXJUI ĕTIJOH JO
EFFQFSBSFBTCVUXJUITPNFTVHHFTUJPOPGĕTIJOHJOTIBMMPXFS






JOEJDFT NBZ SFĘFDU UIF DPNQMFYJUZ PG UIF PDFBOPHSBQIJD
QSPDFTTFTMJOLFEUPBOJOEFYTVDIBTUIF/"0'PSFYBNQMF
BQPTJUJWF/"0MFBETUPXBSNUFNQFSBUVSFBOPNBMJFTJOUIF




*O 0DUPCFS  /PSUI 4FB NBDLFSFM BQQFBSFE UP IBWF
NPWFE BXBZ GSPN UIF /PSXFHJBO 4FDUPS BOE /PSXFHJBO
WFTTFMT BUUFNQUFE UP GPMMPX UIF ĕTI XFTUXBSET SFTVMUJOH
JO EJTBHSFFNFOUT PWFS QFSNJTTJCMF DBUDIFT CZ /PSXFHJBO
CPBUT JO 4DPUUJTI 	&6
 XBUFST 	TFF 'JTIJOH /FXT UI
0DUPCFS




UIF TQFDJFTIBE TVEEFOMZ BUUBJOFEIJHIBCVOEBODF JO UIFJS
UFSSJUPSJBMXBUFST GPS UIF ĕSTU UJNFćFTF FWFOUT QSPNQUFE
EJďDVMU QPMJUJDBM OFHPUJBUJPOT UIBU MBTUFE GPS B GVSUIFS ĕWF
ZFBST " QBSUJBM SFTPMVUJPO UP UIF MPOHTUBOEJOH QPMJUJDBM
EJTQVUF SFHBSEJOH NBDLFSFM RVPUBT JO UIF /PSUI &BTU
"UMBOUJD 	/&"
 XBT CSPLFSFE PO  .BSDI  " ĕWF






UPOOFT UP UIF'BSPF*TMBOETBOE UPOOFT UP UIF&6







VOEFSTUBOEJOH PG NBDLFSFM EJTUSJCVUJPOBM QBUUFSOT JO UIF




TUPDL VTJOH AHBNF UIFPSZ 3FTQPOTFT XFSF BOBMZ[FE BT B
HBNF CFUXFFO GPVS QBSUJFT UIF &VSPQFBO6OJPO /PSXBZ













"T BO BEEFE BTJEF UP UIF NBDLFSFM SFEJTUSJCVUJPO TUPSZ
.BD,FO[JF et al. 	B
 SFQPSUFE UIBU DPNNFSDJBM CPBUT
UBSHFUJOHNBDLFSFMJOXBUFSTFBTUPG(SFFOMBOEIBWFTUBSUFE
DBUDIJOH CMVFĕO UVOBThunnus thynnus GPS UIF ĕSTU UJNF
ćFQSFTFODFPGCMVFĕO UVOB JO UIFOPSUI"UMBOUJD JT MJLFMZ
EVFUPBDPNCJOBUJPOPGXBSNFSXBUFSUFNQFSBUVSFTUIBUBSF









ZFBSTIBTCFFO UIF TVHHFTUJPOPG JODSFBTJOH DFQIBMPQPE
	TRVJE DVUUMFĕTI BOE PDUPQVT
 QPQVMBUJPOT BOE UIF PęFO
SFQFBUFE TUBUFNFOU UIBU iNPSF CPBUT BSF OPX USBXMJOH GPS
TRVJE UIBO UIF SFHJPOT USBEJUJPOBM UBSHFU TQFDJFT TVDI BT
IBEEPDLBOEDPEw	PSJHJOBMMZGSPN)BTUJFet al.
4JODF
 B OVNCFS PG IJHIQSPĕMF SFTFBSDI QBQFST IBWF CFFO
QVCMJTIFEUIBUTVQQPSUUIJTDMBJN.PTUOPUBCMZ%PVCMFEBZ
	
 BTTFNCMFE HMPCBM UJNFTFSJFT PG DFQIBMPQPE DBUDI
SBUFT 	DBUDI QFS VOJU PG ĕTIJOH PS TBNQMJOH FČPSU
 BOE
EFNPOTUSBUFE UIBU DFQIBMPQPE QPQVMBUJPOT IBWF JODSFBTFE
HMPCBMMZPWFSUIFMBTUTJYEFDBEFTBSFTVMUUIBUJTSFNBSLBCMZ
DPOTJTUFOUBDSPTTBIJHIMZEJWFSTFTFUPGDFQIBMPQPEUBYBćJT
TUVEZ JODMVEFE NBOZ UJNFTFSJFT GSPN BSPVOE UIF 6OJUFE
,JOHEPN	TVSWFZEBUBTVQQMJFECZ$FGBT
"NPSFEFUBJMFE
BOBMZTJT CZ WBO EFS ,PPJK et al. 	
 FYUSBDUFE TRVJE






4RVJEEJTUSJCVUJPOBDSPTT UIF/PSUI4FB JODSFBTFEPWFS UIF
ZFBSUJNFTFSJFT4JHOJĕDBOUMZQPTJUJWFSFMBUJPOTIJQTXFSF
GPVOECFUXFFO UIJT JODSFBTFBOEDMJNBUFWBSJBCMFT GPS FBDI
PG UIFEPNJOBOU JOEJWJEVBM UBYBTUVEJFEBOEBMTPXIFOBMM
TQFDJFT XFSF DPNCJOFE Loligo FYQBOEFE TPVUIXBSE GSPN
B QSFEPNJOBOUMZ OPSUIFBTUFSMZ EJTUSJCVUJPO DPNQBSFE UP
OPSUIXBSEFYQBOTJPOTCZAlloteuthisBOEUIFOmmastrephidae
GSPN UIFJS DPSF EJTUSJCVUJPOT JO UIF TPVUIFSO BOE DFOUSBM
/PSUI 4FB SFTQFDUJWFMZ *O UIF &DPOPNJDT PG $MJNBUF
3FTJMJFODF SFQPSU DPNNJTTJPOFE CZ %FGSB JO  TRVJE
	Loligo vulgaris





 VTFE TJNJMBS NPEFMT UP QSFEJDU EJTUSJCVUJPO
DIBOHFT GPS &VSPQFBO DVUUMFĕTI Sepia officinalis ćFTF
BVUIPST TVHHFTUFE UIBUS. officinalisXJMM DPOUJOVF UP TQSFBE
OPSUIXBSET BOE UIBU JU DPVME FWFOUVBMMZ SFBDI "NFSJDBO
TIPSFT CZ DSPTTJOH UIF OPSUI "UMBOUJD 	WJB TUFQQJOHTUPOFT
JO *DFMBOE BOE (SFFOMBOE
 GSPN UIF 6, BTTVNJOH GVUVSF
DMJNBUFDIBOHF
ćF6, USBEF OFXTQBQFS 'JTIJOH/FXT JODMVEFE B TQFDJBM
GFBUVSFPOFYQBOEJOHTVNNFSTRVJEĕTIFSJFT JOUIF.PSBZ
'JSUI PO UI +BOVBSZ ćJT BSUJDMF TUBUFE UIBU “It is 
probably fair to say that none of the trawlers fishing squid in 
the Moray Firth at the time of this trip were doing so out of 
choice. Rather, their presence was directly associated with the 
necessity to maintain some form of income when restrictions 
were preventing them from engaging in their preferred 
fisheries”. "MTPUIBU “The need to purchase customised squid 
trawls means that gearing-up for a fishery that usually lasts for 
just two months [each year], and sometimes considerably less, 




 J. K. Pinnegar et al.






 UP QSFEJDU USFOET JO UIF GVUVSF EJTUSJCVUJPO PG
TQFDJFTJOUIF/PSUI4FBBOEDPODMVEFEUIBUĕTITQFDJFTPWFS
UIFOFYUZFBSTXJMMCFTUSPOHMZDPOTUSBJOFECZBWBJMBCJMJUZ










JO B  EFDSFBTF JO OFU QSFTFOU WBMVF BTTVNJOH B AIJHI
FNJTTJPO43&4"TDFOBSJP'FXTUVEJFTIBWFBUUFNQUFE UP
FYUFOECJPDMJNBUJDQSPKFDUJPOTUPBTTFTTUIFTPDJPFDPOPNJD
JNQBDUT PG DMJNBUFJOEVDFE SBOHF TIJęT ćJT TUVEZ MJOLT
TQFDJFT EJTUSJCVUJPO NPEFMMJOH XJUI DPTUCFOFĕU BOBMZTFT
%FTQJUFUIFWBSJBUJPOJOQSFEJDUJPOTGSPNBMUFSOBUJWFNPEFM
GPSNVMBUJPOT UIF EJSFDUJPO PG DIBOHF JO OFU QSFTFOU WBMVF
	/17
 QSPWFE UP CF SPCVTU UP NPEFM DIPJDF ćJT TUVEZ




















JO QBSUJDVMBS/PUBCMZ TFWFSBM SFDFOU TUVEJFT IBWF SFQPSUFE
SFTVMUT GSPN MBCPSBUPSZ FYQFSJNFOUT 8PPE et al. 	















XFSF JOWFTUJHBUFE CZ RVBOUJGZJOH QSPYJFT GPS EFWFMPQNFOU
SBUF BOE ĕUOFTT JODMVEJOH  ZPML DPOTVNQUJPO NFBO
IFBSUSBUFSBUFPGPYZHFODPOTVNQUJPOBOEPYJEBUJWFTUSFTT
*ODSFBTFE UFNQFSBUVSF IBE QPTJUJWF FČFDUT PO FNCSZPOJD
EFWFMPQNFOUCVUOPJNQBDUPGMPXFSFEQ)XBTEFUFDUFEGPS
NPTU FNCSZPOJD EFWFMPQNFOU QBSBNFUFST 	FYDFQU UIF MFWFM
PG PYJEBUJWF TUSFTT
ćF JOTFOTJUJWJUZ PGNephrops FNCSZPT
UP MPX Q) NJHIU CF FYQMBJOFE CZ BEBQUBUJPO UP B Q)
SFEVDFEFYUFSOBMIBCJUBUBOEPSJOUFSOBMIZQFSDBQOJBEVSJOH
JODVCBUJPOćFTFSFTVMUTUIVTJOEJDBUFUIBUUIJTTQFDJFTDPVME





04VMMJWBO et al. 	
 QSPWJEFE B OPWFM NPEFMMJOH TUVEZ
PGNephropsNFUBQPQVMBUJPODPOOFDUJWJUZ JOXBUFST BSPVOE
*SFMBOE 	JODMVEJOH /PSUIFSO *SFMBOE




QSFEJDU UIF EFHSFF PG DPOOFDUJWJUZ CFUXFFO QPQVMBUJPOT
'PMMPXJOH TQBXOJOH Nephrops MBSWBF BSF IBUDIFE JOUP UIF
XBUFS DPMVNO BOE UIF QSF[PFB NJHSBUF WFSUJDBMMZ UP UIF
XBSNFS TVSGBDF MBZFS QBTTJOH UISPVHI UISFF UFNQFSBUVSF
EFQFOEFOUTUBHFTPGEFWFMPQNFOU5FNQFSBUVSFJTQBSUJDVMBSMZ
JNQPSUBOUJOEFUFSNJOJOHEVSBUJPOTPGFBDIMBSWBMTUBHFćJT
TUVEZ GPVOE UIBU JODSFBTJOH TFBXBUFS UFNQFSBUVSF UISPVHI
.BZ BOE +VOF JO UIF *SJTI 4FB FODPVSBHFE SBQJE MBSWBM
EFWFMPQNFOU SFTVMUJOH JO JODSFBTFE MBSWBM WJBCJMJUZ BOE
JODSFBTFE TFUUMFNFOUBT UIF TFBTPOQSPHSFTTFE *OBEEJUJPO
HZSFT BSF DPOTJEFSFE UIF DMBTTJDBM SFUFOUJPO NFDIBOJTN
GPS Nephrops MBSWBF (ZSF TQFFE BOE TUSFOHUI JT QSJNBSJMZ
JOĘVFODFECZXBUFSUFNQFSBUVSFBOETFBTPOBMTUSBUJĕDBUJPO
QBUUFSOT /FVNBOO et al. 	
 VTF CJPDMJNBUF FOWFMPQF
NPEFMMJOHUFDIOJRVFTUPQSFEJDUIBCJUBUTVJUBCJMJUZGPSBEVMU
Nephrops JO UIF /PSUI 4FBćFTF BVUIPST EJE OPU QSPKFDU
IBCJUBUTVJUBCJMJUZTVSGBDFTJOUPUIFGVUVSFBTTVNJOHDMJNBUF
DIBOHFBMUIPVHIUIJTTIPVMECFTUSBJHIUGPSXBSEHJWFOUIBU




BOE SFEVDFE PYZHFO XJMM UPHFUIFS BDU UP SFEVDF CPEZ TJ[F
PG NBSJOF ĕTIFT BT XFMM BT DPOTUSBJOJOH EJTUSJCVUJPOBM
SFTQPOTFT UP DMJNBUF DIBOHF &NQIBTJT PO QIZTJPMPHZ 	B
UPQJD UIBUIBE MBSHFMZCFFOPVUPG GBTIJPO TJODF UIFT

IBT CFFO JODSFBTJOH JO SFDFOU ZFBST o NBJOMZ CFDBVTF PG
IJHIMZDJUFETUVEJFTTVDIBT1ÚSUOFSBOE'BSSFMM	
BOE
UIF QFSDFJWFE OFFE UP JNQSPWF UIF SFMJBCJMJUZ PGNPEFMMJOH
GSBNFXPSLT UIFSFCZ FOIBODJOH UIF RVBMJUZ PG NPEFM
QSPKFDUJPOT 	TFF ,PFOJHTUFJO et al., 
 ćJT SFQSFTFOUT
BO JNQPSUBOU BEWBODFNFOU  VOEFSTUBOEJOH NFDIBOJTNT
BOE OPU NFSFMZ DPSSFMBUJOH PCTFSWFE EJTUSJCVUJPO QBUUFSOT
XJUI IBCJUBU GFBUVSFT 	PS XJOUFS /"0 FUD
 $IFVOH FU
BM 	
 EFWFMPQFE B NPEFM UP FYBNJOF UIF JOUFHSBUFE
CJPMPHJDBM SFTQPOTFT PG PWFS  TQFDJFT PG NBSJOF ĕTIFT
EVF UP DIBOHFT JO EJTUSJCVUJPO BCVOEBODF BOE CPEZ TJ[F
ćFNPEFMIBT BO FYQMJDJU SFQSFTFOUBUJPOPG FDPQIZTJPMPHZ
EJTQFSTBM EJTUSJCVUJPO BOE QPQVMBUJPO EZOBNJDT ćF
BVUIPST TIPXFE UIBU BTTFNCMBHFBWFSBHFENBYJNVN CPEZ
XFJHIUJTFYQFDUFEUPTISJOLCZoHMPCBMMZGSPN
UPVOEFSBIJHIFNJTTJPOTDFOBSJP"CPVUIBMGPG UIJT
TISJOLBHF JT EVF UP DIBOHF JOEJTUSJCVUJPO BOE BCVOEBODF








UIF OFFE GPS AFOTFNCMFT PG EJČFSFOU CJPMPHJDBM NPEFMT PS
BUMFBTUNPSFUIBOPOFUPPMoUPDSFBUFJODSFBTFEDPOĕEFODF
JO QSPKFDUJPOT ,PFOJHTUFJO et al. 	
 QSPWJEF B VTFGVM
SFWJFX PG BWBJMBCMF NPEFMMJOH BQQSPBDIFT GPS NBSJOF ĕTI
BOBMZ[JOH UIFJS DBQBDJUJFT GPS QSPDFTTCBTFE JOUFHSBUJPO PG
FOWJSPONFOUBMESJWFST
'PS UIF BSFB BSPVOE UIF#SJUJTI *TMFT JOQBSUJDVMBS$IFVOH
et al. 	
 TVHHFTUFE B EFDMJOF JO NFBO BTTFNCMBHF
NBYJNVNCPEZXFJHIU 	H
 PG BSPVOE  #BVESPO et al. 
	
 IBWF TVCTFRVFOUMZ FYBNJOFE PCTFSWBUJPOBM EBUB
BOE TIPX UIBU PWFS B ZFBS QFSJPE 	o
 TJY PG
FJHIU DPNNFSDJBM ĕTI TQFDJFT JO UIF /PSUI 4FB FYIJCJUFE
DPODPNJUBOU SFEVDUJPOT JO BTZNQUPUJD CPEZ TJ[F XJUI UIF
TZODISPOPVT DPNQPOFOU PG UIF UPUBM WBSJBCJMJUZ DPJODJEJOH
XJUI B o¡$ JODSFBTF JOXBUFS UFNQFSBUVSF 4NBMMFS CPEZ
TJ[FTIBWFEFDSFBTFEUIFZJFMEQFSSFDSVJUPGUIFTFTUPDLTCZ
BOBWFSBHFPG"MUIPVHIJUJTOPUQPTTJCMFUPBTDSJCFUIFTF










OP DSPTTTQFDJFT TZODISPOZ XBT EFUFDUFE JO PUIFS TQFDJFT

FISHERIES
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TQFDJĕDGBDUPSTQPUFOUJBMMZJNQBDUJOHHSPXUIćFTFĕOEJOHT
TVQQPSU UIF DPOUFOUJPOT PG $IFVOH et al. 	
 UIBU ĕTI
TJ[FXJMM TISJOL JO SFTQPOTF UP DMJNBUFJOEVDFE DIBOHFT JO
UFNQFSBUVSFBOEPYZHFO
2.3 Effects on recruitment
"DPOTJTUFOUGFBUVSFPG.$$*1SFQPSUTPWFSUIFQBTUZFBST









EZOBNJDT PG  DPNNFSDJBMMZ IBSWFTUFE ĕTI TUPDLT JO UIF
OPSUIFSO/PSUI"UMBOUJD'PSIBMGPGUIFTUPDLTTUVEJFEUIF
UFNQFSBUVSFFČFDUXBTTUBUJTUJDBMMZTJHOJĕDBOUXIFOBEEFEUP
UIFNPEFM PG UIF SFMBUJPOTIJQCFUXFFO SFDSVJUNFOU TVDDFTT
BOE TQBXOJOH TUPDL CJPNBTT ćJT JODMVEFE BMM TJY PG UIF
IFSSJOHTUPDLTTUVEJFEXJUIBQPTJUJWFFČFDU GPSDPMEXBUFS
TUPDLTBOEOFHBUJWFFČFDU GPSTUPDLT JOUIFNPSFUFNQFSBUF
TPVUIFSO BSFBT 	JODMVEJOH UIF XFTU PG 4DPUMBOE BOE/PSUI
4FB
 'PS UIF WBSJPVT  QMBJDF TUPDLT B UFOEFODZXBT GPVOE








 JOWFTUJHBUFE UIFQPUFOUJBM JNQBDUTPG
WBSJPVTBCJPUJDBOECJPUJDGBDUPSTPOUIFSFDSVJUNFOUTUSFOHUI
BOE WBSJBCJMJUZ PG /PSUI BOE #BMUJD 4FB TUPDLT 4UPDL
SFDSVJUNFOUNPEFMTXFSFĕUUFE GPS UIFEJČFSFOUĕTI TUPDLT
VTJOH SFDSVJUNFOU 	3
 BOE TQBXOJOHTUPDL CJPNBTT 	44#

GSPN*$&4TUPDLBTTFTTNFOUXPSLJOHHSPVQTćFQFSDFOUBHF
PG TVSWJWBM FYQMBJOFE CZ EJČFSFOU FOWJSPONFOUBM WBSJBCMFT
	FH UFNQFSBUVSF TBMJOJUZ OVUSJFOUT DVSSFOUT
 WBSJFE


































WBSJBCJMJUZ EVSJOH UIF SFDFOU MPX 44# SFHJNF 0UUFSTFO et 
al. 	
 GPVOE UIBU UISFTIPME NPEFMT QFSGPSNFE CFUUFS





MJOLFE XJUI QSFWJPVT PWFSĕTIJOH BOE DMJNBUF DIBOHF
$IBOHFT JO TUPDL TUSVDUVSF EVF UP PWFSĕTIJOH IBWF NBEF
UIF TUPDL MBSHFMZ EFQFOEFOU PO JUT SFDSVJUNFOU TVDDFTT









TFSJFT JF TFB TVSGBDF UFNQFSBUVSF 	445
 BOE [PPQMBOLUPO
SFDPSET GSPN UIF $POUJOVPVT 1MBOLUPO 3FDPSEFS 4VSWFZ
ćFBVUIPSTTIPXFEUIBUTQSJOH445JODSFBTFXBTUIFNBJO
ESJWFS GPS UIF NPTU SFDFOU EFDSFBTF JO DPE SFDSVJUNFOU
BMUIPVHIUIFMBUFTXFSFBMTPDIBSBDUFSJ[FECZSFMBUJWFMZ
MPX UPUBM [PPQMBOLUPO CJPNBTT QBSUJDVMBSMZ PG FOFSHZSJDI
[PPQMBOLUPO TVDI BT UIF DPQFQPE Calanus finmarchicus
XIJDIIBWFGVSUIFSDPOUSJCVUFEUPUIFEFDMJOFJOSFDSVJUNFOU
PG/PSUI 4FB DPE"MM PG UIFTF TUVEJFT TVHHFTU ACPUUPNVQ
JNQBDUT PO DPE SFDSVJUNFOU IPXFWFS UPQEPXOQSPDFTTFT
TVDI BT QSFEBUJPO BSF QPPSMZ TUVEJFE " SFDFOU TUVEZ CZ
"LJNPWBet al. 	
TIPXFEIPXDIBOHFTJOUFNQFSBUVSF
JOĘVFODF DVNVMBUJWF NPSUBMJUZ PG DPE UISPVHI UIF FBSMZ
KVWFOJMF QFSJPE BOE TFWFSBM BVUIPST IBWF TVHHFTUFE UIBU
UIFQSPMJGFSBUJPOPGDFSUBJOQSFEBUPSTTPNFUJNFTBTBSFTVMU




2.4 Ocean Acidification (OA)
0WFSUIFQBTUGFXZFBSTNBOZIVOESFETPGQBQFSTIBWFCFFO
QVCMJTIFE GPDVTTJOH PO UIF JNQBDUT PG PDFBO BDJEJĕDBUJPO
	#SPXNBO
)PXFWFSUIFSFJTTUJMMBMBDLPGDPODMVTJWF
FWJEFODF BT UP XIBU UIF QPTTJCMF DPOTFRVFODFT GPS ĕTI
BOE TIFMMĕTI NJHIU CF BOE DPOTFRVFOUMZ UIF JNQBDUT


















PDFBO XBSNJOH BMPOF 1SPKFDUFE TUBOEJOH TUPDL CJPNBTTFT
EFDSFBTFECFUXFFOBOEEFQFOEJOHPOUIFQBSUJDVMBS
BTTVNQUJPOT ćFTF JNQBDUT USBOTMBUF JOUP BO PWFSBMM ĕTI
BOETIFMMĕTIDBUDIEFDSFBTFPGCFUXFFOBOECZ
BDSPTTBMMBSFBTFYDFQU4DPUMBOEGPSNĕTIJOHĘFFU0OMZ























 )PXFWFS NBOZ FYQFSJNFOUBMJTUT XPSLJOH PO
 J. K. Pinnegar et al.




















PONPMMVTD QSPEVDUJPO JO &VSPQFćFTF BVUIPST GPDVT PO
NPMMVTD QSPEVDUJPO CFDBVTF UIF TDJFOUJĕD FWJEFODF PO UIF
CJPMPHJDBM JNQBDU PO DBMDJGZJOH PSHBOJTNT XBT DPOTJEFSFE
BNQMF SFMBUJWF UP PUIFS UZQFT PG NBSJOF PSHBOJTNT *O
BEEJUJPO &VSPQF BOE JUT SFHJPOT BSF TJHOJĕDBOU QSPEVDFST
PG NBSJOF NPMMVTDT ćJT XPSL DPNQMFNFOUT FBSMJFS BOE










TFOTJUJWJUZ CBTFE PO,SPFLFS et al. 	






SFHBSEJOH UIF EJČFSFOU MFWFMT PG JNQBDU BQQSPQSJBUF BDSPTT
EJČFSFOU TQFDJFT PG DPNNFSDJBM JNQPSUBODF 	)JMNJ et al.


/BSJUB BOE 3FIEBO[ 	




DBTF TDFOBSJP 	ĕHVSF 
NPTUMZ EVF UP JNQBDUT PO TDBMMPQ
ĕTIFSJFTćFBVUIPSTBMTPQSPWJEFEBOOVBMFDPOPNJDMPTTFT
GPS TVCOBUJPOBM SFHJPOT JO &VSPQF BT B SFTVMU PG EBNBHF
UP NVTTFM BOE PZTUFS DVMUVSF TQFDJĕDBMMZ ćJT IJHIMJHIUFE
UIBU8BMFT BOE/PSUIFSO *SFMBOE BSF UIFNPTU TVTDFQUJCMF








Pecten maximus. ćJT TQFDJFT TVQQPSUT WFSZ JNQPSUBOU
ĕTIFSJFTJO8BMFTBOEJOUIF*TMFPG.BO	XIFSFJUJTUIFNPTU








BDJEJĕDBUJPO QBSUJDVMBSMZ VOEFS GPPE MJNJUJOH DPOEJUJPOT
UIF SFTVMUT GSPN UIJT TUVEZ TVHHFTUFE UIBUXIFSF GPPE JT JO
BCVOEBODF KVWFOJMF P. maximus NBZ EJTQMBZ UPMFSBODF
4JNJMBSMZ .BDLFO[JF et al. 	
 FYBNJOFE UIF FČFDUT PG
OFBSGVUVSF Q) 	BNCJFOU Q)  Q) VOJUT
 BOEXBSNJOH
	BNCJFOU UFNQFSBUVSF ¡$





UIF BTTPDJBUFE DIBOHFT JO $B$0 TBUVSBUJPO MFWFMT ćFTFBVUIPST DPODMVEFE UIBU VOEFS OFBSGVUVSF DMJNBUF DIBOHF
DPOEJUJPOTPDFBOXBSNJOHXJMMQPTFBHSFBUFS SJTL UP TIFMM
JOUFHSJUZ JO M. edulis UIBO PDFBO BDJEJĕDBUJPO FWFO XIFO
GPPEBWBJMBCJMJUZJTMJNJUFE
3FDFOU FYQFSJNFOUT PO MBSWBF BOE KVWFOJMFT PG &VSPQFBO
MPCTUFS Homarus gammarus 	"HOBMU et al.  4NBMM
et al. 
 TIPXFEOP DMFBS FČFDUT PG Q$0USFBUNFOU POFJUIFS DBSBQBDF MFOHUIPS ESZXFJHIU BMUIPVHIEFGPSNJUJFT
XFSF NPSF DPNNPOMZ PCTFSWFEćF QSPQPSUJPO PG MBSWBF
XJUIEFGPSNJUJFT JODSFBTFEXJUI JODSFBTJOHQ$0FYQPTVSFJOEFQFOEFOUPGUFNQFSBUVSF*OUIFNFEJVNUSFBUNFOUBCPVU
XFSF EFGPSNFE BOE JO UIF IJHI$0USFBUNFOU BCPVUXFSFEFGPSNFE	"HOBMUet al.
4NBMMet al.	

TIPXFEOPTJHOJĕDBOUFČFDUPGFMFWBUFEQ$0PODVNVMBUJWFTVSWJWBM BMUIPVHI TVSWJWBM PG MBSWBF GSPN TUBHF * UP TUBHF
** TJHOJĕDBOUMZEFDSFBTFEBUIJHIFS UFNQFSBUVSFT 4JNJMBSMZ
UIFSFXFSFOPTJHOJĕDBOUFČFDUTPGQ$0 JO JTPMBUJPOPS JODPOTPSU XJUI UFNQFSBUVSF PO HSPXUI BOENPSQIPNFUSJDT
ćFSFXFSFBHBJOOPTJHOJĕDBOUFČFDUTPGFMFWBUFEQ$0POUIFSBUFTPGPYZHFODPOTVNQUJPOBUMBSWBMTUBHFT***BOE***
"UMBSWBMTUBHF*7IPXFWFSUIFSBUFTPGPYZHFODPOTVNQUJPO
XFSF TJHOJĕDBOUMZ IJHIFS BU  ϪBUN Q$0 UIBO BU ϪBUN Q$0 CVU UIF TJHOJĕDBODF PG UIJT PCTFSWBUJPO JTQPPSMZVOEFSTUPPE$BSBQBDFNBHOFTJVNDPOUFOUJODSFBTFE
TJHOJĕDBOUMZBTUFNQFSBUVSFJODSFBTFEVOEFSϪBUNQ$0




"U QSFTFOU DPOĕEFODF JO UIF XJOE BOE TUPSN QSPKFDUJPOT




NPEFMT TVHHFTUJOH UIBU OPSUIXFTU &VSPQF XJMM FYQFSJFODF
GFXFSTUPSNTJOUIFGVUVSFXIFSFBTPUIFSNPEFMTTVHHFTUBO
JODSFBTFJOTUPSNJOFTTćFXJOUFSPGXBTJEFOUJĕFE
BT POF PG UIF TUPSNJFTU 	JO UFSNT PG XJOE TQFFET XBWF
IFJHIUT FUD
 PG UIF QBTU  ZFBST 	.BUUIFXT et al. 

ćF 6, ĕTIJOH JOEVTUSZ XBT TFWFSFMZ EJTSVQUFE EVSJOH









$MJNBUF DIBOHF UISPVHI JUT JOĘVFODFPO TUPSNDPOEJUJPOT
DBO JNQBDU UIF QFSGPSNBODF PG ĕTIJOH WFTTFMT PS HFBST
UIF CFIBWJPVS PG UIF ĕTI UIFNTFMWFT BTXFMM BT TBGFUZ BOE





PQFSBUJOH JO UIF $FMUJD 4FB 	PČ TPVUIXFTU *SFMBOE
 CZ
JOUFSWJFXJOH  ĕTIFSNFO BOE FYBNJOJOH USBEFPČT
CFUXFFOTBGFUZBOEQSPEVDUJPOHPBMTćFSFTVMUTTVHHFTUFE






BEPQUFE B TUSBUFHZ BJNFE BU NBYJNJTJOH QFSGPSNBODF 0G
UIF  TLJQQFST  DIPTF UP MFBWF B ĕTIJOH [POF CFDBVTF
UIFZIPQFEUPJODSFBTFUIFJSDBUDIFMTFXIFSFBOEEFDJEFE
UP TFFL TIFMUFSOPU TPNVDICFDBVTFPG SPVHIXFBUIFSCVU
CFDBVTFPGUIFFYQFDUBUJPOPGMPXFSDBUDIFT
" TUVEZ PG QFSDFJWFE SJTLT JO UIF/PSUIFSO *SFMBOE ĕTIJOH
JOEVTUSZ 	#PPUI BOE /FMTPO 
 FYBNJOFE WJFXT BOE
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TDPSF  SJTL JUFNTćPTF JUFNT MJTUFE BT DBVTJOH HSFBUFTU
DPODFSOUPĕTIFSNFOTMJWFMJIPPETJODMVEFEGVFMDPTUTRVPUB
SFTUSJDUJPOT BOE ESPXOJOH XIFSFBT NPSF SFNPUF JTTVFT
TVDI BT HMPCBM XBSNJOH IBE DPOTJEFSBCMZ MFTT SFTPOBODF
4PNFPG UIFSJTL GBDUPST UIBU TDPSFEIJHIMZ 	FH AESPXOJOH
PS ADPMEIZQPUIFSNJB
XFSFVOEPVCUFEMZ MJOLFEUPXFBUIFS





DMJNBUFDIBOHFćFTFIJHIMJHIUFEUIBUiUaking action to adapt 
to [long term] climate change is not presently a priority for the 
majority of industry contributors. Industry [instead], highlight 
the effect of near term events – severe storms affecting ports 
in Fraserburgh and Peterhead and in the South West, stormy 
conditions affecting crew safety, flooding of processing units, 
changing distribution of species for example — particularly in 
the domestic contextw
3. HOW OUR UNDERSTANDING HAS DEVELOPED 
OVER THE PAST DECADE?




B AQPTUFSDIJMEPGNBSJOFDMJNBUFDIBOHF JO UIF6,oXJUI
BOFYQFDUBUJPOUIBUQPQVMBUJPOTXPVMEJODSFBTFESBNBUJDBMMZ
JOUIFGVUVSFBOEUIBUEJTUSJCVUJPOTPGUIJTXBSNXBUFSĕTI
TQFDJFT XPVME DPOUJOVF UP FYQBOE OPSUIXBSET &WJEFODF
TVHHFTUT UIBU QPQVMBUJPOT FTQFDJBMMZ JO UIF $IBOOFM EJE
FYQBOE ESBNBUJDBMMZ JO UIF FBSMZ ZFBST 	1BXTPO et al.

BOEUIBUTFBCBTTXFSFJOEFFEFYQBOEJOHOPSUIXBSET
$PNNFSDJBM DBUDIFT JODSFBTFE ESBNBUJDBMMZ EVSJOH UIJT
QFSJPE BOE SFDSVJUNFOU XBT DPOTJTUFOUMZ IJHI 	ĕHVSF 

)PXFWFS JO SFDFOU ZFBST ĕTIJOH NPSUBMJUZ IBT SFBDIFE
VOTVTUBJOBCMF MFWFMT 	ĕTIFSJFT FYQBOEFE BU UPP GBTU B SBUF

TVDIUIBUSFDSVJUNFOUTVDDFTTIBTBQQBSFOUMZCFFOEBNBHFE







UIFSFGPSF ĕTIFSJFT XFSF MBSHFMZ BMMPXFE UP FYQBOE XJUI
JNQVOJUZ $POTFRVFOUMZ JO  WFSZ ESBDPOJBONFBTVSFT
XFSF JOUSPEVDFE JO PSEFS UP DPOUSPM ĕTIJOH FČPSU FWFO
JNQBDUJOHPOSFDSFBUJPOBMĕTIFSJFTćFTFNFBTVSFTJODMVEF
	






 GSPN +VMZ UP%FDFNCFSNPOUIMZDBUDI MJNJUT
UP BMM DPNNFSDJBM WFTTFMT 	
 GSPN  +BOVBSZ UP  +VOF
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Figure 1. Estimated annual economic loss in Europe in the year 2100 due to damage on mollusc production under ocean acidi-
fication for selected species groups (parteq_calci_V scenario). From Narita and Rehdanz (2017).
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Figure 2: Seabass in in the southern North Sea, Irish Sea, English Channel, and Celtic Sea. Summary of stock assessment 
(weights in thousand tonnes). Landings are from the commercial fishery only. Fishing mortality is shown for the combined com-
mercial and recreational fisheries (ICES 2015a).
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3.2 Variability in the context of longer term ‘climatic’ 
timeframes
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Figure 3. Cod in the North Sea, eastern English Channel and Skagerrak. Summary of stock assessment with point-wise 95% 
confidence intervals (ICES, 2015b). Any observed changes over the past decade, including any extremes.
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3.3 What are future projections telling us now (vs. what we 
thought a decade ago)?
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3.4 Any regional variations in impacts across the UK 
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